Epidemiologic studies indicate that light to moderate alcohol consumption from beer, wine, or spirits is associated with a reduction in all-cause mortality, owing primarily to a reduced risk of coronary heart disease (CHD). To find out whether this protective effect of small to moderate amounts of alcohol could be confirmed in Germany, where much of the alcohol consumed is taken in the form of beer, we studied the relation between alcohol and CHD and total mortality in a population of southern Germany. We conducted a prospective cohort study firom 1984 to 1992 among 1,071 men and 1,013 women, age 45-64 years at baseline, from the Augsburg region. Eightyseven per cent of men and 56% of women reported drinking alcohol at baseline. Among drinkers, men had an average alcohol intake of 42 gm per day, of which 33 gm per day came from beer. Women who drank had an average alcohol intake of 16 gm per day and derived about half of it from beer and the other half from wine. During the 8 years of follow-up, 96 deaths (all causes) and 62 incident CHD events (nonfatal and fatal) occuned in men, and 45 deaths (all causes) occurred in women. Adjusting for a number of potential confounders, in men the adjusted hazard rate ratio (HRR) of CHD events for drinkers as compared with nondrinkers was 0.51 [95% confi? dence interval (CI) = 0.27-0.95]; this protective effect starts with the 0.1-19.9 gm per day alcohol category and does not change much with higher intake. In men, the adjusted total mortality HRR for drinkers as compared with nondrinkers was 0.59 (95% CI = 0.36-0.97). The total mortality HRRs for the different alcohol groups compared with nondrinkers show a U-shaped curve, with the lowest HRR of 0.46 (95% CI = 0.20-0.80) for the 20-39.9 gm per day alcohol group and an HRR of 1.04 (95% CI = 0.54-2.00) for the >80 gm per day alcohol group. In women, the total mortality HRR for those drinking up to 19.9 gm per day as compared with nondrinkers was 0.46 (95% CI = 0.22-0.96). (Epidemiology 1997;8:150-156) Keywords: alcohol, beer-drinking population, L-shaped coronary heart disease curve, U-shaped total mortality curve, cohort study.
Although
the relations between alcohol and CHD and total mortality have been found in many popula? tions and are generally accepted, there is still some debate on the mechanisms of the protective effect of alcohol on CHD. Alcohol is known to have an effect on several important CHD risk factors, such as blood pres? sure,913-15 high-density-lipoprotein (HDL)-cholester-Qi 8,16-19 low-density-lipoprotein (LDL)-cholesterol,19,20 and fibrinogen21 and clotting factors. 18, 22, 23 Another point of debate is the accurate assessment of alcohol intake in epidemiologic studies. Accurate mea? surements are a prerequisite for making reasonable rec? ommendations concerning levels of alcohol intake that offer more protection than harm.9,24 There is also the problem of distinguishing between the effects of alcohol and those of various accompanying life-style factors such as smoking or physical activity. 8 The alcohol-CHD and alcohol-total mortality associ? ations have not previously been investigated in Ger? many. We studied these relations in a primarily beerdrinking population of Bavaria, using the data of the
MONICA (Monitoring Trends and Determinants of
Cardiovascular Diseases) Augsburg cohort study from 1984 to 1992. This study provides validated alcohol intake data,25 incident CHD events with high diagnostic accuracy,26-29 and total mortality data.
Methods

Design of the First MONICA Augsburg
Survey,
1984-1985
The designs of the multinational World Health Organi? zation MONICA project26'30-31 and the MONICA Augs? burg project32, 33 
Estimation of Alcohol Consumption
Each subject participating in the 1984-1985 survey was asked how much beer, wine, and spirits he or she had drunk on the previous workday and over the previous weekend. The questions on alcohol use were as follows:
1. How much beer, wine, and spirits did you drink the previous weekend (Saturday and Sunday)? 2. How much beer, wine, and spirits did you drink during the previous workday (or on the previous Thursday, if Friday was the previous workday)? Total alcohol intake was calculated by multiplying weekday consumption by 5 and adding this figure to weekend consumption.
The following conversions were then made: 
Statistical Methods
We computed descriptive statistics (means, percentiles, and proportions) for baseline characteristics, by sex and follow-up event status. We adjusted event rates for po? tential confounders by Poisson regression, 37 We used Cox proportional hazard models38 to give hazard rate ratios (HRRs) comparing different levels of alcohol in? take to nondrinkers. We examined assumption of proportionality of hazards by fitting the model stratified by two alcohol strata, drinkers vs nondrinkers, then plotting the log[? log(survival)] curves to check parallelism. 39 The curves were close to parallel after 3 years. To decrease the likelihood that persons with impending symptomatic CHD had altered their alcohol intake as a consequence of poor health, we also fit models after eliminating the first 3 years of follow-up. Figure 1 shows the distribution of alcohol intake for men and women. Eighty-seven per cent of men (927/1,071) and 56% of women (564/1,013) reported drinking alco? hol at baseline (Figure 1; Table 1 ). Among drinkers, men had an average alcohol intake of 41.8 gm per day; one-half of the men who drank derived at least 94% of their alcohol intake from beer. Women who drank had an average alcohol intake of 16.4 gm per day and derived 7.5 and 7.9 gm per day of this intake from beer and wine, respectively ( Table 1) women, we defined only three categories, nondrinkers and those who drank 0.1-19.9 gm per day and >20 gm per day (Table 2) . Table 2 shows baseline characteristics of the cohort for men and women by level of alcohol intake. Mean HDL-cholesterol and total cholesterol increase with higher levels of alcohol intake in men and women. The same is true for systolic blood pressure. There is hardly any relation between level of alcohol intake and BMI in men, whereas female nondrinkers have a larger BMI. The relations between alcohol intake and smoking are J shaped for men and U shaped for women. The percent? age of men with 10 years of education or less generally is slightly higher in drinkers than in nondrinkers. The percentage of women in this category is slightly lower in drinkers than in nondrinkers. Table 3 shows the number of incident CHD events, total follow-up years, and the unadjusted CHD inci? dence rates by alcohol intake at baseline for men. The incidence rate is more than twice as high for nondrink? ers than for drinkers. The relation can be described as L shaped, with about the same CHD risk reduction for all alcohol intake groups.
Results
Figure 2 depicts the age-and smoking-adjusted
CHD incidence rates along with the total mortality rates for men by alcohol intake. The CHD incidence rates de? crease from nondrinkers to those who drink up to 19.9 Table 4 similar HRRs for the different alcohol intake groups.
gm per day and remain at about the same low level in the higher alcohol intake groups (L-shaped relation). The alcohol-total mortality relation shows a U-shaped pat-
provides unadjusted and adjusted CHD event hazard rate ratios (HRRs) with 95% confidence inter? vals (CI) for drinkers compared with nondrinkers and for the different alcohol intake categories relative to nondrinkers. The results come from Cox proportional hazard models, adjusting for various sets of potential confounders. The unadjusted CHD HRR for drinkers vs
Fitting separate Cox models adjusting for age; age and smoking; and age, smoking, hypertension, BMI, and total cholesterol does not materially change the HRRs for all drinkers vs nondrinkers or for all of the different alcohol intake groups vs nondrinkers. When HDL-cholesterol is added to the model, the HRRs are slightly increased. We also added the variables education and sport activity15 to this model, but doing so did not change the respective HRR estimates.
A simpler model, adjusting only for age and smoking, and comparing drinkers with nondrinkers, has an HRR of 0.46 (95% CI = 0.26-0.84).
We used this simpler model to check the proportional hazards assumption, plotting log[? log(survival)] curves for each of the two alcohol intake strata. These curves are approximately parallel and distinct after 3 years, consistent with the proportional hazards assumption for that period, but are closer together for the first 3 years. Since there are only two events among nondrinkers in the first 3 years, there are insufficient data to compare the HRRs between these periods. If the first 3 years of follow-up are ignored, the HRR comparing drinkers with nondrinkers is 0.37 (95% CI = 0.19-0.74), deviating even further from unity (not shown in Table 4 ). Table 5 gives the number of deaths, total follow-up years, and unadjusted all-cause mortality rates for men and women by alcohol intake. The relation is U shaped for both men and women, a finding illustrated for ad? justed total mortality rates for men in Figure 2 and for total mortality HRRs in Table 6 . These HRRs for alco? hol intake categories relative to nondrinkers and adjust?
ing for various potential confounders show a protective effect of alcohol intake in the three lowest categories of drinkers, with the risk returning approximately to the nondrinker level for the group consuming ^80 gm per day. When the variables total cholesterol, education, and sport activity were added to this model, the respec? tive HRR estimates did not change much. Furthermore, when we removed 52 men with self-reported diabetes mellitus from the cohort, we found that the respective HRRs were nearly identical. Table 7 gives the unad? justed and adjusted HRRs for women, with the ratio being 0.5 (95% CI = 0.22-0.96) for the 0.1-19.9 gm per day alcohol intake category vs nondrinkers. When the variables total cholesterol, education, and sport activity were added to this model, the respective HRR estimates did not change much. When we removed 40 women with self-reported diabetes mellitus from the cohort, the respective HRRs changed from 0.5 to 0.6.
Discussion
There is considerable evidence that light to moderate drinkers have lower rates of CHD and total mortality than nondrinkers.2"8 There is also evidence that heavy drinkers have greater rates of total mortality than ab? stainers or light to moderate drinkers.2,3 Some uncer-tainty still remains whether CHD rates increase with higher levels of alcohol intake.8,40 Some studies also report that wine22 has a particularly important protective effect, although the collective epidemiologic evidence suggests that all alcoholic beverages are similarly protec? tive.1,8,41 The MONICA Augsburg cohort study represents the first report on the relation between alcohol and CHD and total mortality from Germany, the country with the largest beer consumption in Europe. First, our study confirms that the protective effect of light to moderate drinking on CHD in men is seen in a mainly beerdrinking population. The risk reduction for CFID was near 50%, close to what has been reported in recent reviews.10,11 Furthermore, higher amounts of alcohol did not increase the risk for CHD. Our study also confirms an L-shaped pattern.6 Participants with a daily alcohol intake of ^80 gm per day are rare in our study, so we cannot draw conclusions on the CHD risk of this highintake group. In the model that also adjusts for HDLcholesterol (Table 4) , we see a decrease in the protective effect of alcohol in all intake categories; this is to be expected, because HDL-cholesterol is thought to be a mediator of the protective effect of alcohol on CHD risk. Further protective mechanisms such as lowering of fibrinogen, platelet aggregation, and other clotting factors could not be studied, because these variables were not determined in the 1984-1985 survey. Intake of small to moderate amounts of alcohol is also associated with a lower total mortality risk in men and women.
A strength of this study was our ability to validate the 7-day recall data in 899 men of the cohort with prospec? tive 7-day diet record data on alcohol intake. The high correlation between the two methods puts confidence in our "exposure" data.25 The 7-day diet record data also show that food habits in terms of fat intake, polyunsaturated/saturated fatty acid ratio, and carbohydrate and protein intake of drinkers and nondrinkers are not materially different in this male population. Obviously, small amounts of alcohol have a protective effect on CHD and total mortality. Nevertheless, a shift of the alcohol distribution curve to higher values might invariably increase the percentage of problem drink? ers41-43 and the prevalence of hypertension,13-15 hemorrhagic stroke,44 and noncardiovascular diseases45 in the population.
